Purpose: Aim of the study was to: 1) present MDCT characteristics of different mediastinal mass lesions, 2) estimate proportion of benign and malignant mediastinal mass lesions based on MDCT findings, and 3) find out the diagnostic accuracy with sensitivity, specificity, positive predictive value, and negative predictive value of MDCT in mediastinal mass lesions assuming histopathology as gold standard.
Introduction
Mediastinum is like a complex spider web. This is because of the presence of vital structures, e.g. heart and great vessels in the compact space between the two lungs. Mediastinal lesions are difficult to detect on X-ray because these lesions are of soft tissue densities and are surrounded by soft tissue structures. Previous studies have found conventional methods inadequate and patients frequently had to undergo invasive procedures for diagnosis. Here is where multidetector computed tomography (MDCT) can provide the answer. It provides information on the anatomical extent of the lesion and on the nature of the lesion (fat, fluid, calcification, etc.). MDCT can help to narrow the differential diagnosis or even reach the diagnosis without the need of further invasive procedures. The International Thymic Malignancy Interest Group (ITMIG) divided mediastinum into the following: prevascular, visceral, and paravertebral compartments ( Figure 1 ) based on boundaries made by anatomical landmarks on CT [1] , a detailed discussion of which is beyond the scope of the author.
Material and methods

Study design
A total of 60 patients participated in the study at our hospital for a period of two years, from November 2015 to November 2017. All relevant clinical information and details of laboratory investigation were recorded. All patients with clinical suspicion of mediastinal mass lesion or X-ray suggestion of mediastinal mass underwent thorough MDCT evaluation, and correlation with pathological findings was done in all cases.
Inclusion criteria were: 1) patients of both sexes of any age group clinically suspected to have mediastinal mass lesion; 2) suggestion of mediastinal widening/mass on chest radiograph; and 3) availability of histopathological examination report. Exclusion criteria were: 1) history of hypersensitivity to intravenous contrast agents; 2) eGFR less than 30 ml/min/1.73 m 2 ; 3) post-surgical patients; 4) pregnant women; 5) post traumatic patients; and 6) lesion of vascular origin/cardiac masses.
Procedure
Scan was performed by using the Philips Ingenia 128-SLICE CT system with collimation of 1.5 mm and reconstruction interval of 0.75 mm, 120 kv and 150 mAs, and FOV of 350 mm. The matrix size was kept at 512. A plain tomogram was taken as a guide to study. Scanning of entire mediastinum was performed in a cephalocaudal direction with MDCT in a single breathe hold to keep the scan time short and to reduce motion artefacts. Unenhanced and contrast enhanced (using non-ionic contrast material) scans were performed sequentially. For contrast enhancement initially 60-120 ml of injection of Iohe xol of 300 mg/kg of non-ionic iodine contrast was given. Multi-planar reconstruction and three-dimensional volume-rendering images were created. Scans were evaluated at a multiple window setting, i.e. mediastinal window 50 level × 350 width, lung window -600 level × 1600 width, and bone window -1000 level × 3000 width. MDCT characteristics of mediastinal mass lesions, i.e. compartmentalisation based on ITMIG classification system, was done, and various characteristics, e.g. attenuation pattern, enhancement pattern, presence of necrosis, calcification, invasion, lymph node involvement, presence of metastasis and other associated findings of lung collapse, and pleural/ pericardial effusion was based on MDCT findings. Available clinical profile provisional diagnosis was assigned, which was correlated with histopathological diagnosis.
Statistical analysis
Continuous variables were summarised as mean and standard deviation while nominal variables were shown as a proportion (percentage). Chi-square test and Fisher Exact test were used for comparing proportions. P values less than 0.05 were considered significant. Med Calc version 16.4 software was used for all statistical calculations.
Results
In this study, out of 60 cases, 37 cases (61%) were males and 23 cases (38%) were females. The most common age group to present with the mediastinal mass was between 41 and 50 years. In this study, dyspnoea was the most common clinical symptom, constituting 21.67%, followed by fever at 15%, chest pain at 15%, while dysphagia contributed 13.33% (Table 1) .
The most common compartment was prevascular space -33% (n = 20), followed by visceral space -32.1% (n = 19), paravertebral space constituted -18.3% (n = 11), and lesions involving multicompartment contributed -16.6% (n = 10). Among the prevascular space masses, thymoma (Figure 2) formed the majority, constituting 10% (n = 6), followed by lymph nodal masses 8% (n = 5). Among visceral compartment lymph nodal masses and oesophageal carcinoma were frequent, each 11% (n = 7) among lymph nodal mass; most of them were metastatic in nature -8% (n = 5). Of the posterior mediastinal masses, the majority contributed to neural tumours, constituting 10% (n = 6) followed by paravertebral abscess constituting 6% (n = 4). In the study of 60 cases of neurogenic tumours, schwannoma ( Figure 3 ) and neuroblastoma constituted 3% each (n = 2), ganglioneuroblastoma 1.6% (n = 1), and paraganglioma 1.6% (n = 1) (Figure 4 ). In the study, lymph nodal masses constituted 33% (n = 20) of the total mediastinal mass. Among these the metastatic lymph node involvement was predominant, constituting 13% (n = 8), followed by lymphoma and tubercular lymph node enlargement 8% (n = 5). In the study the majority of the masses showed heterogeneous attenuation, i.e. 46% (n = 28) ( Table 2 ) followed by homogenous attenuation; 26% (n = 16), fatty (n = 1) fluid density, heterogenous enhancement (n = 25), homogenous enhancement (n = 17), peripheral rim enhancement (n = 13), intense enhancement (n = 3), and non-enhancing masses (n = 2). In the study the majority were solid masses, constituting 54% (n = 27) of the cases, followed by solid and cystic masses in 22% (n = 11) of the cases. In the study, 11% (n = 7) of the mediastinum mass showed internal calcification. Necrosis was present in 45% of cases (n = 27).
Vascular invasion was the most common pattern, followed by chest wall invasion ( Table 3 ). The most common lymph nodal group involved was subcarinal, which constituted 10% (n = 6). Metastasis excluding to lymph nodal metastasis was present in 13% of cases (n = 8) ( Table 4 ).
Discussion
In this study dyspnoea was the most commonly presenting symptom, which was in concordance with Baram and Tayeb [2] in a study of 85 patients, in which they found that dyspnoea alone was the main presenting symptom in 33 (38.82%) cases. In the present study of 60 cases, 21 benign and 39 malignant cases correlated with histopathological examination (Table 5) . CT diagnosis did not (Tables 6 and 7 ). In this study the sensitivity of MDCT was 94% and specificity was 90%, with a positive predictive value of 94%, negative predictive value of 90%, and diagnostic accuracy of 93% (Table 8) , which is comparable with Pulasani et al. [3] , who found diagnostic accuracy of MDCT in the evaluation of mediastinal mass lesions to be 92%. Mediastinal masses are more prevalent in the age group of 41-50 years, which is in concordance with work done by Dixit et al. [4] . In their study the most common age group was 30-50 years. Out of 60 cases in the present study 65% were neoplastic and 35% were non-neoplastic, which is comparable with Dixit et al. [4] , who found that of 139 cases, 93 cases were neoplastic in nature (67%). This finding was contrary to the study by Kaur et al. [5] in which benign pathology was much more common. Metastasis was the overall leading diagnosis in this study, and this is comparable with the study done by Adler et al. [6] in which they showed an appreciable proportion of metastatic lesions in the mediastinum. Among benign lesions tubercular infection was the most common in the present study at 11% . Post-contrast computed tomography showing intensely enhancing soft tissue mass lesion in paravertebral space. Lesion also shows aneurysmal dilatation of vessel inside mass. On histopathology it correlated well and was diagnosed as paraganglioma (n = 7). In present study anterior/prevascular space followed by visceral compartment was most common location; however, Dubashi et al. [7] concluded that the majority of tumours were seen in the anterior mediastinum, followed by the posterior mediastinum; this result was partly favouring our study and partly against it. This was because we followed ITMIG classification, which includes oesophageal lesions in to the middle mediastinum. Thymoma was the leading radiological diagnosis in prevascular space, which was comparable with Araki et al. [8] . According to them, thymoma was the most common diagnosis in anterior mediastinum, and this finding in our study was contrary to Aroor et al. [9] , who found lymphoma to be more common. Neurogenic tumour is the leading diagnosis in posterior mediastinum, being slight lower than in the study by Liu et al. [10] , who found neurogenic tumour in 16.6% (n = 68) of cases, while in our case it was 10%, probably due to the small sample size in the present study.
The masses commonly found in multiple compartments were predominantly the lymph nodal masses, which was similar to the results of Kaur et al. [5] . Unusual mediastinal lesions in the present study were atypical primitive neuroectodermal tumour, plasmacytoma, and hydatid cyst. In our study vascular invasion was the most common finding constituting 18% (n = 11) -aortic invasion was the most common at 8% (n = 5) followed by superior vena cava invasion at 5% (n = 3). Main pulmonary artery was involved in two cases; one of them turned out to be benign, i.e. tuberculoma. Heterogenous attenuation p value < 0.05, i.e. 0.036, invasion p value 0.23, and metastasis p value 0.42 were the only statistically significant MDCT characteristics that were more common with malignant lesions, and they were helpful in differentiating them from benign entities. Necrosis, compartment localisation, enhancement, and presence or absence of calcification was statistically insignificant. MDCT has been specifically shown to have a high accuracy for characterising the size, location, and adjacent organ involvement in the evaluation of mediastinal masses [11, 12] as well as affecting clinical management in 65% of cases and adding additional diagnostic information in 82% [11] [12] [13] . MDCT features of mediastinal masses are as follows:
Thymoma
Thymomas accounts for 20% of adult mediastinal masses [14, 15] , which are rarely also found in children. Homogenous soft tissue in prevascular space with absence of lymphadenopathy is a supportive finding. Necrosis and internal calcification occurs in 30% of thymomas. Thymomas also show mild enhancement.
Thymic hyperplasia
On MDCT, thymic hyperplasia is characterised by diffuse symmetric homogeneous enlargement of thymus having areas of fat and soft tissue attenuation and smooth contour. If asymmetric enlargement presents, then thymoma is likely to be the diagnosis. MRI chemical-shift imaging is the modality of choice to differentiate between thymic hyperplasia and carcinoma because of its ability to detect microscopic fat present in thymic hyperplasia. In lymphofollicular hyperplasia, on histopathology, the medulla of the gland shows hyperplastic lymphoid germinal matrix in the centre. This entity is commonly noted in patients with myasthenia gravis and various other autoimmune disorders.
Germ cell tumours
Teratomas -these are the most common germ cell tumour. Most are benign -also known as mature teratomas. Malignant teratomas are also called immature type, accounting for 14% of cases. Both benign and malignant teratomas are characterised by presence of fluid, fat, and calcific foci. The presence of enhancing soft tissue suggests a diagnosis of malignant teratoma [16] [17] [18] [19] .
Seminoma -these lesions presents as large, homogeneous, lobulated, soft tissue mass with mild enhancement. Calcification is typically absent, and invasion is not a feature of seminoma. The diagnostic accuracy of CT alone to differentiate between non-teratomatous germ cell tumour and other malignant prevascular mediastinal masses is 35% [20] .
Thyroid masses
These present as hyper-attenuating masses because of the high iodine content; intense early and prolonged enhancement is also a key feature. Necrosis may be present. Calcifications are commonly seen in masses of thyroid origin.
Ectopic parathyroid adenoma
These are soft tissue hypoattenuating lesion with mild enhancement, mimicking an enlarged lymph node, typically showing greater contrast enhancement. For a symptomatic ectopic parathyroid gland in prevascular space, thoracoscopic or open resection is indicated.
Mediastinal lymphoma
Hodgkin disease accounts for 50-70% of mediastinal lymphomas. These lesions have a bimodal age distribution in young adults and in patients older than 50 years. These present as a homogeneous soft-tissue mass in the prevascular space with surface lobulation and mild-to-moderate contrast enhancement with absence of vascular involvement [20] . Cystic changes and necrosis are occasional. Hodgkin lymphoma and non-Hodgkin lymphoma typically appear similar to each other; although NHL causes more vascular involvement, pleural and pericardial effusion is common in all type of lymphomas. Reactive lymph nodes may be mistaken for lymphomas; however, reactive lymph nodes do not coalesce into large masses, which is common with lymphomas.
Tubercular lymphadenopathy
On CT, the enlarged lymph nodes show a highly characteristic "rim sign" caused by a low-density centre surrounded by an enhancing peripheral rim [21] , but this sign is not pathognomonic for tubercular lymphadenopathy because metastases (from head/neck/testicular cancer), infection with atypical mycobacteria, and histoplasmosis may also show similar rim enhancement. Lymphoma may also present with rim enhancement [22] . So, pulmonary pa-renchymal abnormalities must be sought before making a diagnosis of tubercular lymphadenopathy.
Bronchogenic cyst
Present as round to ovoid low attenuation lesions which may have soft tissue density if they have been complicated by haemorrhages or have a proteinaceous component which may show enhancement.
Oesophageal carcinoma
Characterised by eccentric or circumferential thickening of the oesophageal wall, with loss of perioesophageal fat plane. Invasion may also be present. May lead to abnormal air fluid level inside the oesophagus.
Oesophageal duplication cyst
Presents as well-defined homogenous fluid attenuation lesion usually having a thicker wall.
Lymphangiomas
These lesions are more common in prevascular space on CT. These are characterised by smooth homogeneous lobulated lesions of water attenuation containing cysts of variable size. Contrast enhancement and calcification are the least common. They may show occasional chylous pleural effusion. Mediastinal lymphangiomas produce symptoms when causing compression of surrounding structures. Infection and haemorrhage may complicate the lesion. The treatment of choice is total excision [23] .
Mediastinal abscess
When the collection contains air and has a thick rim enhancing wall, an abscess should be suspected. Pleural effusion, mediastinal air-fluid levels, or even a soft-tissue density mass may also be evident on CT [23] .
Neurogenic tumours
Most incidental neurogenic tumours in older age are benign. On CT, they appear as well-defined, paravertebral masses with punctate or curvilinear calcifications. They may also show necrosis. Intraspinal extension is best demonstrated on MRI.
Schwannomas
Peripheral nerve tumours on CT appear as round, well-defined lesions with smooth margins and are isodense or hypodense to the adjacent chest wall musculature. They have a variable enhancement pattern after contrast material. Cystic changes and haemorrhage are more common in schwannomas than in neurofibromas, frequently affecting patients from 20 to 30 years old [24] .
Mediastinal paraganglioma
One to two percent of extra-adrenal paragangliomas occur in the thorax [24] . These are intensely enhancing homogenous soft tissue lesion of posterior mediastinum, and they may have necrosis.
Sternal plasmacytoma
Presents similarly to metastasis on CT, as lytic lesions, soft-tissue masses, with a multilobulated appearance. Intrinsic calcifications are absent, and expansile lesions also occur.
Paravertebral abscess
Pyogenic infection is suspected when a patient presents with back pain and fever and on imaging ill-defined soft tissue, unorganised fluid, and/or a loculated collection are present in the paravertebral. Infection secondary to tuberculosis involves the posterior elements, presents with a prevertebral and paravertebral soft-tissue component out of proportion to the degree of osseous destruction; narrowing of disk space enables differentiation of tuberculous from pyogenic infection. The presence of calcification in the absence of new bone formation or sclerosis strongly suggests the diagnosis of tubercular spondylodiscitis [25, 26] .
Mediastinal PNET
PNETs (primitive neuroectodermal tumours) are extremely rare in mediastinum. Zhang et al. [27] concluded that EWS/PNETs in the anterior and middle mediastinum appear as ill-defined, heterogeneous masses that are not distinguishable from other, more common causes of mediastinal masses, based on their CT features.
Mediastinal hydatid
Hydatid cyst are uncommon in mediastinum. Hydatid cyst shows fluid attenuation on CT. The presence of membranes and presence of hydatid in another location, especially liver, is enough to suggest diagnosis of hydatid cyst. Mediastinal hydatid may show calcification [28] . In a series of 14 cases of mediastinal hydatid studied by Zidi et al. [29] anterior mediastinum was the most common location.
Conclusions
Mediastinal mass lesion can often be diagnosed with great confidence based on location and imaging features alone. In other scenarios, a diagnosis may be suggested when radiologic features are combined with specific clinical in-formation. Benign and malignant masses can be differentiated with great accuracy. MDCT sometimes fails to differentiate between solid and cystic lesion as in the case of complicated bronchogenic cyst, so in these circumstances MRI is helpful. Differentiation between rim-enhancing lymph nodes is challenging -to categorise as metastatic or tubercular. Invasion, heterogenous attenuation, and metastasis are key parameters to differentiate between benign and malignant mediastinal lesions. MDCT is a cost effective noninvasive tool, which must be used with other modalities, e.g. PET and MRI in diagnosis and management of mediastinal mass lesion whenever conditions demand.
